Abstract. The ICT industry and services are on the verge of substituting quality of service and utility functions with quality of experience, QoE. While intuitive, QoE, has eluded the research community. QoE takes into account what the user is experiencing with new products and services. Once this information is collected, it becomes an input in the development of the new product or new service. But how does one measure directly quality of experience? In this conceptual paper, I discuss from an ICT perspective, the utility function and quality of service, QoS. I also present how active interested the industry is in QoE. I concluded with some key points that may serve as a guideline in the process of constructing the QoE function.
Introduction
In recent years, the ICT industry and related services have highlighted that concepts such as quality of service and even utility functions, while useful, have failed in contributing to product and service development from the perspective of the consumer. One can say that quality of service has even failed in capturing the needs of the consumer. The concept of quality of experience, QoE, is emerging as an alternative. The concept seems to be easy to understand intuitively. Nevertheless, QoE has eluded the research community. One takes into account what the user is experiencing with new products and services. Once this information is collected, it becomes an input in the development of the new product or new service. Other fields, beyond ICT, like the health sector or the food sector, have a long history of using qualitative approaches to deal with similar issues. But quality of experience, while similar to consumer satisfaction, it is not the same. Consumer satisfaction has been used has a proxy for QoE and surveys and questionnaires have been common approaches. But how does one measure directly quality of experience? In this conceptual discussion, I present some (but not all) concepts that are relevant to the ICT sectors, such as utility function and quality of service. Then I attempt a definition of QoE and enter suggestions about how to measure it directly. concepts[1,2,3,4,5] 
Relevant

The utility function
It may come as a surprise to many that the concept of utility has not been defined 100% unequivocally. Nevertheless, the utility functions is assumed to be properly and well defined. Engineers use it as a standard instrument to compare technologies. But is it well defined? If we open standard works or encyclopedias in economics, it is clear that the concept of utility emerged in history as a way to measure a user satisfaction with products or services. So a society would aim at maximizing its utility. That is, society should strive at making all, (and if not all the greatest number,) of its members happy. An important name in utilitarianism was John Stuart Mill.
The difficulties at measuring something as "irrational" as happiness, forced economists to reconsider utility as a behavioral measure. So a behavior became rational when it maximizes utility -what ever that might be. Utility became a curve representing how a society or an individual consumed, or accepted, goods and services, to a certain satisfaction level. How to best achieve an efficient use of these goods and services so as to maximize this utility function became a social and individual objective in economics.
It is very relevant for a discussion of quality of experience to consider that there are two types of utility, cardinal and ordinal. The former relates to magnitudes while the later to ranking. In both cases one is referring to a society or a consumer's preferences. It is clear that ordinal utility represents a behavioral choice but does not tells us what the user is experiencing and neither which product is better or worst. Cardinal utility functions have, for all practical purposes, disappeared from neoclassical economics. What has happened is that consumer purchase preferences have became, in practice, proxies for utility functions. It is assumed that what consumers choose has been chosen rationally to maximize their utility. Mathematical formulations have followed from this. Or alternatively, mathematical formulations have been interpreted this way. Utility functions are (quite often linear and wellbehaved) ranking of user's possible choices from a consumer set. It is assumed that what the consumer chooses is what the consumer prefers, no matter what the consumer experiences. In the expected utility models, consumers and society are expected to avoid risk in their choices. The key names were von Neumann and Morgenstern.
Difficulties with utility, particularly when monetary and price issues emerged, required economists to consider marginal utility. Utility reduces to that which is used at the margin. But different consumers will attribute different marginal utilities to the same product or the same service. Theories of marginal utility may confront difficulties not only because of this but also because of the attempts to associate this marginal change to quantifiable entities or measures. Quantification may be possible if the marginal utility changes can be associated to changes from one economic state to another. But again this does not tells us much about the quality of the experience the consumer may be having. And this is so, even in microeconomics where consumers have to maximize their utility with their choice of money allocation, given several goods, services and savings to choose from. It is straightforward to show that in most cases the problem has several solutions. In addition, consumers may have a behavior described as satisficing, which means just choosing what is good enough even if it is not the best -the bounded rationality behavior. Utility is also a function of knowledge, information, energy, time and other factors. This means that the utility function may be describing a choice but not the maximization of the quality of experience of the consumer.
Quality of Service -QoS
While ICT engineers use utility functions to develop their products and services., there emerged a need to offer to consumers the best possible service, given resources, infrastructures and technology. QoS is used widely in the ICT sector with this purpose. In contrast to the utility function, quality of service is very clearly defined, including in several international standards. For instance in telephony, QoS is "a set of quality requirements on the collective behavior of one or more objects", according to ITU standard X902 [2] . Given a network that combines several technologies, including IP-routed networks, QoS will give us a measure of the network's capability to provide the best possible service given a selected network traffic. The QoS function must take into account factors such as bandwidth, latency and loss characteristics. The QoS function also allows for service providers to measure the extent to which providing one flow of information through the network does not impair other flows. Without a measure of QoS it is not possible to provide such services as WAN and IOS.
There is another important contrast to the utility functions. QoS are actually control mechanisms. Users, application softwares and data flows have priorities in the networks and it is QoS that determines who goes first, given the actual limited physical qualities of the network. With QoS a traffic control that guarantees traffic without quality impair is possible. With this in mind it is clear that QoS is not the same as high performance. We can not measure QoS directly with low latency or low bit error probability for instance, although these can be used as proxies or indicators of QoS.
QoS can be affected by many factors, for instance networks delays, out of order deliveries, dropped packets and errors in general. Providers make an extreme effort at not loosing packages from origin to destination.
Some current network services would be impossible without QoS, for instance streaming multimedia, IPTV, and asynchronous transfer mode (ATM) with one of its key applications VOIP. QoS statistics show that networks that provide QoS can be as much as for times more reliable than a network without QoS.
It is also clear that if there is substantial capacity in the bandwidth than one can operate without QoS. It is here that one can see the difference between QoS and quality of experience, QoE. The user or consumer may have a good quality of experience even when QoS is not in place. ICT providers can not evaluate QoE from QoE and vice-versa. But, they actually need to know QoE to determine their customer relations.
Quality of Experience -QoE -What is it?
Quality of experience can not be considered a "new" concept. In several business sectors, there has been serious attempts to take into account the customer's perspective. Product developers, particular in the consumer goods sectors, have constantly asked themselves about what needs to change in a product in order to meet the needs of the consumer. But QoE is also a reaction to mass production society. But it has been very difficult to measure it objectively. The use of questionnaires and interviews has proved problematic, particularly for the fast growing and fast changing ICT sector. Here I will not considere the parallel and similar issue that has been under consideration in the medical sector. Since health is directly related to the patient quality of experience with the medical service, medical providers have been looking into this issue also.
In the ICT sector is has long been considered that QoE is subjective. It is our contention that it is possible to quantify or at least measure QoE. That is, it is possible to take the user into account in the services provided, even if dependent on the user's previous experiences. QoS, particularly when measured by the Mean Opinion Score (MOS) has been used as a proxy for QoE, but it is limited because it requires a highly controlled environment.
Since the great contributions of Harrison White [7] , networks have been well established as a research tool. In the case of innovation this has been facilitated by the acceptance and implementation of national and regional systems of innovation. Such understanding of the dynamics of networks gives us a point of departure to consider the very important issue of quality of experience. QoE is of fundamental interest for video mobile service, as has been highlighted by Nokia and Ericsson literature. QoE is expected to replace both utility functions and quality of service. Quality of experience, in contrast to quality of service, QoE, takes into account how a user, particularly in the video mobile networks, assesses and evaluates a service/product innovation in relation to existing services/products. Basically, QoE will measure if an innovation will reduce or increase the transaction costs (and not only monetary costs) from the perspective of the user's experience. QoE is an emerging but very difficult concept and has baffled large corporations like Nokia and Ericsson. The literature is so far internal or limited, with exception of the health sector, from which ideas can be imported. QoE is of fundamental importance for the positioning of Finland and Nokia in the European and in the global market [8] . So far, has neither Ericsson nor Nokia been able to successful address the issue of how to measure QoE. There are indications that Samsung may be on the right track, although mobile video providers may enter higher demands on technology producers. This has recently been highlighted by the work of M.A Sasse, UCL [9], as well as by the seminars promoted by the German telecom interests. In Sweden, the dissertation of Jiong Sun on Streaming Video has also reinforced the need to advance on this front [10] . An important alternative is to develop intelligent video displays [11] .
Over all, QoE will become more important than quality of service and for management, and management theory/economics, and probably more important as the utility function. Moreover a functional QoE may give an extra innovative edge to companies in Sweden's and Finland's science parks and incubators [12, 13, 14] Certainly a number of companies are capitalizing on the possibilities of measuring QoE. This includes for instance LCC International, which has announcement for "wireless turn-key services, … and end-user 'Quality of Experience' solution". LCC suggests that it is measuring the "actual consumer experience". LCC is highlighting that it is tracking, among other things, consumers' download options and thus identifying preferences. Their preliminary results indicate that fewer than 20% of customers are satisfied with their experience with mobile content services [15] . Another company is Nominum but their product description indicates a high quality in QoS. This would improve reduce problems for customers QoE [16].
Can we measure QoE?
The industrial interest in QoE and its measuring is demonstrated by the large number of entries in Google -over 250000 relevant entries by 15 May 2007. The academic work in the economics and theory of QoE has been restricted to the economics of experience. But a search for a metric is most relevant [17] . So the belief is that QoE can be measure and that it can be done quantitatively. Efforts such as the Quality of Experience Initative, led by Zandan and supported by LCC, Freever, mBlox, Motricity, Musiwave, and Vodafone reinforces the perception here presented about the importance of QoE [18] . Ericsson is also moving in this direction, as indicated in its "User Service Performance white Paper of February 2007 [19] .
What is it that we know so far?
1. QoE is not the same as QoS 2. The two may occur at the same time, but one does not necessarily leads to the other 3. QoS is not sufficient for the development of products and services that take into account the customer's experience 4. Utility function is not sufficient for the development of products and services that take into account the customer's experience 5. QoS is not the same as the utility function 6. QoE is not the same as the utility function 7. But it is very likely that there is a relationship between utility and QoE 8. QoE is a function of behavioral variables that may be possible to measure quantitatively. 9. Some of these measures may be physiometrical and psychometrical. 10. In case of mobile telephony this may be possible directly through the mobile phone in participating populations 11. Utility is one of the variables of the QoE function
